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AJietrnct U^htrpiB pcoc^ ittd potato prp\- 1 pro- 

aaaaWeti»teaYof« ' 
■ ■■- ' ^ p*^^ p-*»m pW* wit pMAMaed.tluiM|h AywAna<rtioii mfHiitfrf traiiafcrmanoB pethod. Southern* Northern 
- cad WcttcmUot ualya» demxistrated the «amioo. er^Meripto in^ eapteanoo of harpta ptoe*in gene m 

tzwugtnkpUnu. TWee rcaiataaee teat ttfing a. eoapkr race of ftjtopftCftom imfatoMs a* ch a Brn g ing pathogen 
ahowed^hothconirit^^ 

duced the leaian growth ate of f nngua, Anwnf plana where harpin protein gene eaj c aa i a n was induced only by fun- 
gut infection, two pUnta were found to be highly reeiattnt to P. utfutew infection. Pmgal hyphae were not pro- 
duced on total of 30 inoculated leave* from the two restatant planta and necrotic lesion waa limited to inoculation area. 

. gal docaa* reaistant genotype v ' \ . - 

Keywarda. t*^4jmm* r hy t* * nw\ri ~ rtM pomm,h*rrl* patato jate blight* , 

The hypersensitive response produced by pUnts to pathogen infection was one of active de- 
fensive reactions and was thought as the most powerful defensive way found in nature. It was an 
attempt: to explore new approaches ^ hypersensitive response to pathogen infec- 

tion 113 . Based on the "gene for gene" relationship explaining interactions between plants and 
pathogens, de Wit proposed a new ajpproach of plant disease focusing on the engineered 

Hypersensitive r^pxnw system of rK>h-spedfic re sista n ce* 21 . Recent ex- 

perimental evidence indicated that recognition in the same cell of products of plant resistance gene 
(R) and corresponding pathogen avirukuce gene (avr) resulted in cell hypersensitive necro- 
sis^ *V Wever. pathogen Infection-Muced cell death cam not only keep whole plant healthy, 
but also limit the development of pathogen in inoculated leaves 151 . 

Haxpfc; a^ 8 inember of hrp (hyper- 

sensitive response and pftthogenecity) gene family in plant pathesgen bacterium 161 and isolated from 
apple fire blight baaerium Enrnnia amylovora. Purified ^ riarpm protem, when being penetrated 
into intercellular space [of leaves of soknanae plants such as tobacco and tomato, induced cell hy- 
perseiuitive w Therefore, it is worthwhile to demonstrate if 

harpin protein gene driven by pathogen infection induced pronwter be used to form an effec- 
tived system iti transg^p plant. Targeting on potato late blight caused by P. m- 
J^tu^'M**^ provide evidence to indicate [-that engineered hy^ 
useful approach to develop disease resistant gerw^ 

• Project penry aupportefi by the Molecular Bfcfagy Laboratory of OTIO-OLO in Netherlands. 
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1 MaUrlab and methods 

1*1 Materials 

The plant materials used in our experiments included potato cultivar "Desiree" provided by 
r Genbxnic 

Cornell University. Plasmid pRLGEMB2 containing harpin protein gene cocUng region was con- 
structed by the authors^ . pBI525 containing gene expression cassette composed of double CaMV 
35S promoter /fl sequence from^ 

Canada. T-DNA vector pBrNPLyS C v J , potato diploid line LineV and R2, and-P. i>/estoiu iso- 
late 90128 (race 1, 3, 4* 6, 7, 8, 10, 11) were provided by AndyPereira andlh. Vivianne 
Vleesho 

■ ; Methods for PGR and irwJecular^ 

describ^ .- 

1, 2: 2 Poteto trarttf o™ and referred to that 

'[ ';■ .describe^ ' \ ^ ■ \ ■ •. \^;'^\- 

; J.2/3 McJeculardet^ T!htmete^ 

; ^ protein ejn?ressk* u^^ 

^ lQO^ixPrjSbuffe-c^ 
^vi\^;^' ittmm^^ 8- inmc^^ 7.3, The supernatant o^oentnf^ V' 

.'• ■'- yrodQuted 10 times for use.; The rabbi t anub^ ■*.: 
r ; :^ ttors; ^ pyr-l- >0-> v 

chased frWs^jinaCra '? 
L blot analysis* tc^al protein, inter^ proteui and intra^ respectively 
accorcUng to^ t^ Spikrnan^ 1 ^ - SDSrPAGE and Western blot hy* : 

bricUzation fpl^ 

1.2 . 4 Disease resistance test . Totally 55 morphologically normal and healthy transgenic 
plants were used for disease resistance test. Both plants regenerated directly from stern and trans- - 
. formants containing empty vector pBINPLUS were used as negative control. Late blight suscepti- 
ble cultivar "Biritje* was used to test the pathogenecity of P infatans isolate. 

zoc&par& xdtmA to that described by Caten and juiks^^ The of zoospores was 

50 000 per mL. Biological assay was done using detached leaves frorn plants of 8-week old in a 

" lected. There are 5 cc*mpoun<\ leaves in each potato leaf / Only one site for each compound leaf n 
: ; faack.stuf^ w ? g inortikwd.- Th»r«i at* a total of -15 inoculation sites for each transgenic plant with 
■ 10 pL of mbcuUtipn (total of 500 zoospores) . The temperature in culture room f or infection and 
^ ai -light for 16 h and 15C at dark far8 h. ^dative 



humidity in culture room wia;tOO%;,..y;,:,;'. ■■'■-\-' : / : p'c-"^-^'''-^rVi\^'V^"' : v 

The disease lesion sixe was measured on the fourth*, fifth and sixth days after inoculation for 
3 times. The lesion area ( A) was calculated based on the following formula? A ~ 1/4 * w * longth 
* width. If the lesion sire, was limited m ^ m * l * l » ^ Section 

was not successful. U lesion area across 3 times of measurements was below that of uioculation 
area, the hypersensitive response happened; if lesion area was over 16 mm 2 at one time of 3 mea- 
surements, the infection was successful. For successful infection, the average of lesion radius cal- : 
collated from lesion area for. 3 measurements was convened into lesion growth rate.(LGR) indicat- 
ed as mm/ day. The sutisuW analysis of LGR was done using WOVA. 

2.1 Construction of harpin protein gene expression vectors and potato transformation 

Harpin gene used in the test was clc^ frm E r dmyUnnra based on p^bH^rf sequent? 1 
by PCR . A premier fragment ( ea. 450-bp length) oi prpl-V gene activated selectively upon P . 
infestans infection was cloned from potato cukiyar *Desiree* using two oligonucleotides primers 
{5'^GCAA<Xrn^^ 

AGTCTT-3.') designed by the published sequence* 133 . The promoter was used to construct 
pathc^en irafectic^mduced harpin gene expression vector. Because harpm protein induced hyper- 
sensitive response in intercellular space in leaves, we inferred that the action site for harpin protein 
might be located on cell membrane or cell wall. In order to make expressed harpin protein secreted 
into mterceilular space, a signal peptide sequence of 90 bp from tobacco ptlra was fused 
with harpin protein gene at 5* end 1141 . The constitutive expression vector of harpin protein gene 
was also constructed using pB1525 where CaMV double 35S promoters drive the gene expression. 
Fig- 1 is the sketch map. ^ 



pRLBIPH 



Hindi V x ht if • V- . / : B«mHi ; W '. 



pRLBtTH- 



HindD: :- : ; V*a- ; ^N»I-: -: ; ^' / B«m Hf 



v-T^e* rec^inanV pBlNPH and pBltfTH ) were con- 

s^ructed by inserting gene expression cassetted 

spectively f ^ Agrob^Urmm tum^/ac^ ^l^^ ^Mugb 

freeze- thaw method. ■ .^^ * v; <v J : -.; : v-.: *;.(. : 

Potato cUpM Une line V 4S«^\W*I«** 
of 0 :5 cnV were infected by A* tumtfacuni LBA4404 conta^u>« ^wsfiion v^ 68 
trans^c p^ thnaj^k F^ve of tl«)se were regener- 
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atediromR2;ge^ 

2^2 Detection of harpin pro^^ 

■ . iaRNA irapscnp transgenic plants was j^yed by Nortbern hy. 

bridixatiotu Harpin protein gene was tranaciibca 

mto^ ^wwr .* J-.;*; ^ H-.ii » » 

formed with pBINTH (fig. 2(a) ) . Detection of 
harpin protein gene transcription in 11 trans- 
genic plants trarisfonned with pBINPTH «od 
pBINPH showed ^ mRNA wa 

no| detect . Wja^jnf^ infeUdns ? i : -T^^-V 'v* ■" :>f\l&?$ > ; 

(fig. 2(b)), but it was o^tect^ h-dpet ' : \- 
infection. The result indicated that jrpt- 1 
proimter was functkmal only after P. infestam 

' u^ect^;in v txaflaceue' plants (figu«^0)v;.y : '/y' - ; ^A:*:*''/'^ -f'VV 

.' Southern hybridixatk>n was also to an- . 
alyae tlie mtegration of harpin protein gene .'and ' \ '4&. . ' ': '■■ * ^ v- ' : 
demonstrated that at least 1^ insertion events : <«>-': : - 

happened in trao^ gen^ (figure 3); ^ ^: ^W««W»:'(.) 

Dot blot-ELlSA .was employed to detect : y^^^^ pi«» fa ft iiL^jn^i pfifVTHt (b) umimfr 
the harpin gene expression at protein level. De- ju*u trWocmed with pBINFTH or pBlNPH (before infoc- 
tection of 8 plants transformed with pBINTH tk»);. ( c ) tranceenic piatitt traiirfanned with pBINPTH or 
demonstrated tte 

in transgenic plants (fig* 4(a))V SDSPAGE and Western blot anJ protein, interceU 

- lular protein and intraceUular proteins reve aled that harpin 
protein was; secreted into mtexc^ular apace in transgenic 
plants (fig. 4(b) ) . Dot hlot-ELISA detection of total protein 
extracted f^^ 8 transgenic r plants transformed with.. 
pBINPTH and pBINPH before arid after infection of P. in- 
festans showed that, harpin protein, in those transgenic plants 
was accumulated only after infection of P* infestans (figure 

• 4(c)), ; ]■:'*': , . ... 

2; 3 . Identification of disease resistance m trarisgenic plants 

Fig. 3. Detection of intcsntaoa ot hupin : ", • . '« ■ .. 

gene«u^enkpl^. L W * based**; 

plum 2— 8, craojgenic plana. U)<r(c) tGR value measured after infect ion of P. tn/estans. The ay- 
pfiDTPtR BtNPH ana pBRmi ' tnnv erage of LRC value across inoculated 15 compound leaves 
tonoed plot* respectively, from negative control plant was '3* 44 ± 0. 44 for line V and 

(4. 1610. 33) mm for R2. Based on statisqeal analysis ^\.jUBFU among 10 tested transgenic 
plants (Line V genotype) transformed with pBINTH; 6 plants (LRG = 1. 31 - 2. 55) showed 
significant distance (differs 

at a rpMy* Arnong 45 plants trariAforn^ r^pJFTFI and pBINPHi 27 plants (LRG* 
0 . 80— 2. 55 ) showed significant resistance a = 0 . 05) , while 25 plants had extreme 

resistance (deference at a -0.01) . Two plants transformed with pBINPTH and pBINPH respec- 
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lively were shown to be immune to infection of P. infestans . 
I. No hyphae was observed on inoculated leaves, and necrotic le~ 



r <) § )DHH9fi|^ sion was limited to inoculation site. 



* b) 



tm Using harpin protein gene, we explored a new approach . 
■-— jjj . of engineering hypersensitive response 10 develop resistant 
. mM genotype to potato late blight disease. Statistical co mparison of 
j" lesion growth rate between control plants and 55 transgenic 

plants indicated that there were 33 plants with significant re* 
1. 2 > a . i a m V m sistance (aUlIerence at « = 0:05)/ and M 
U} 1 0 •> ^ • •;• • L V'" : Vresistai« (difference at a *= 0: 01) . The resistance in 19 

ififestans. 

amUen V uvn^esie ploA. (*> tivdy were shown to be immune to infection of ;PV infestans. 

EUSAdettctkftrf infec- 
seme pUatM <b) wc*^ bltt expression of harpin protein gene in transgenic 

the devek^ment P. infestans; The re- 

pniceim b,: imraecfluUr pspcdaf [•«. tc^ tant genotype. 

pibum. (c) -p* bloi-EU^ >eiectipe # We found in our experiment that constitutive expression 
haipur* plants did not kill the plants or 

Wtee^r to the instifficient egression of harpin 

irf«et« (up >•) those transgenic plants. We inferred that a critical ' ; ; 

mf«rtk3o (bo • ;^ . v . conpe^ 

persensitive cell death. Uwier the ^ h^ipi* could only induce disease rcaia* 

, . In order to locate the sction site of. harpin protein, mc^^ w ^ re V 
designed: One construct nude; expressed protein secrete into intercellular space, while another 
made it remain in ceU. frop rxrth cases ami no 

evident difference in resistance between ike^ was curved involved in 

. <l^?gi» T »y* f ^ ng ^ signal transduction- but the mechanism is not clear. 

Four amino acid oUfference between our harpin gene and that Fished 173 was due to different 
E : amylovora strains tis^ protein mediated resistance in transgenic plants 

highlighted that the cluuiges of 4 amino adds did not affect its function of inducing resistance. 

Harpin protein-mediated resistance was reached through activation of defensive system of 
potato. In order to fuUy utiHxr^ mediated resistance, it is necessary to detect the 

physiological changes in transgenic plants such as PR protein expression, H VK* exchanges 
across cell mmbrane, accumulation of $A! and so on- Particularly/ it is important to detect the 
expression of PRl and Osmotin protein in transgenic plants because some evidence indicated that 
: both proteins were Evolved in resistance to P. infestans infection. An attehtioia about resistance 
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in thaw ^ 

. harpin pTOt^ : medUted i^Uunce may probably not be limited /.iof kM^bligbtJ-;--'^ 

Adon^pMl ■ The author* «t gmtM to .Dr. ' Andy Pcm» and Dr. Yfrieap* Vhail « hi mi i ■ far. their greet ■ . 
.l^aapjro T1*y alao aiank aseocta Prtf^ 

belp in preparation of this atnuKfipc* -■■■•■..■■.*. 

References ; - 

.1 Li Rugmg, Molecular Was plant-pathogen mterectioM ana dieee** control ftrategy. CkmtmjonrmU o/Agrabiotoehnolagy (in ... 
Cte«);i9a4, 2(1), i-.- 

2 de Wh, P. |.C M. . Molecular chazicteriaaiicn. of gcne-far-gene lyitau m plam-fuagal interaction* tad the application of 
awuleaprfenea a eo^ 

3 Pfiunei. U. M. » Ffiuner. A. J. P. Eapiesiion of an rnmkna gem in transgenic plana is sufficient to induce the hyper- 
s wttiiiiB iiKiioiu 1^. FU^liM:vJittB«tM«> 1992* Si 3^. : 

4 HanBO^Koweav K. E.. Harrison* K. . jonei. J. D. G. . DevclopmentaJly rtfulated ceO o^th 

" - avinuence gene *vr9 'm tomato seedlings canying the disease resistance fme Cf?9 9 Prod Natl. Acad. Sci. USA* 1994. 
■■ ■ •:.^-;V^lt'l0444> :' ; / .> "' . :• 

5 Scritttftettar, Cm Jimw. J.; Op>oper t C. at at. Inhibition of fungal development to plant by cngmeerinf oon- 
■-■/-'/■ uojled^ 199S, 13t 1085. 

, 6 Wei 2. M. • Laby, R. J. f Zumoff. C. 11. etel,, Harpov cfcc^^ 

Im iajjnm, Smw, l^i 2STi 1$. 

■ 7 Li Ragtag, Shi Guang Chan, Fan Ybnhn et aL , Oomng and taquencinf of Hatpin protein gene, Oumat Journal of Plant 

PoikolooiaOaamti. 1998,31(1). 
8 van Eagden* F. A. • MbUhoff, J. W. , Conner. A. J. ct li. « pBINPLUSt ah improved plant transformation vector baaed pa 
pBIN19, Transgenic Ret.. 1995, .4(4) t 288. V 
■'* 9 Sembfook, J. , Fritsch, E. F. . Mamatia, t. . Molecular Cloning * A Laboratory Mammal* NYt Cold Spring Harbor. Leho- 

■ ratnry Press. 1989. 

r ..l0 y»itr. Ji; 0 etil.» Transformation of homozygous diploid potato with an 

AgrxAacxMmM turns 

' 11 de Wit, P. J. C. M. ♦ Spikman. G. » EvioVnor jEar. the occurrence of race and euhiw^paafie elkitora of nacxoais «n iaternel- . . 
ldsru^eJ compart 
'12 Caten, C E. , Jinks, U , Spontaneous 

^-v::-::;V;";. ^ J';-. 

J3 Maniiu, N^, Egen. N.. Runts. I; a* ^.Promoter a 

<' : ' . ■ 44- '<*/. h?1"V T» D. , BurUust, W; et al. . Iaolarion of the • genomic donee for pathogenesia-reiatod protein ' la from • 

IS. Creenbenji J> T-v 

' 1997. 48t 5251 " -.V \ : ' ; V . • •.: ■ 




I 




* COMBINED DECLARATION FOR PATENT 
APPLICATION AND POWER OF ATTORNEY 
(Includes Reference to PCT International Applications) 



ATTORNEY'S DOCKET NUMBER 
21829/101 (EBC-008) 



ifned inventor, I hereby declare that: 
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